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Talk Outline

• About NCBI
• NCBI Databases

– zebrafish sequences
• Integrated Access

– Entrez
– BLAST

N
CBI

The National Center for Biotechnology Information

• Created as a part of NLM in 1988
– Establish public databases
– Perform research in computational biology
– Develop software tools for sequence analysis
– Disseminate biomedical information
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The Genome Sequencing  Era

1998 20001997 19991996 2001 2002

First microbial genome
H. influenzae

First eukaryote genome
Yeast

E. coli

First multicellular animal
C. elegans

Fruit fly

First higher plant
Arabidopsis

First mammal
Homo sapiens

40 microbial genomes

malaria:
mosquito

and
parasite

First fish
Fugu

mouse
and

tunicate

100 microbial genomes

18 microbial genomes
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Complex Genomes Jan. 2003

• Chordates
– Human
– Mouse
– Rat
– Pufferfish
– Sea squirt

(Ciona)
• Arthropods

– D. melanogaster
– D. simulans
– A. gambiae

• Higher plants
– Arabidopsis
– Rice

• Fungi
– Aspergillus terreus

N
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Coming soon …
• In progress

– purple sea urchin
– zebrafish

• NHGRI’s Priority Organisms
– Chicken 
– Cow
– Dog
– Chimpanzee
– Honeybee
– Tetrahymena
– Oxytichia
– Several fungi

• Over 100 bacterial genomes in progress
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103621 aataaaatac acactcacgc acacacatat gtactatata tatatatata tatatatata
103681 tatatatata tatatatata tatatttaaa gagtgtgtgt gtgtgtgtgt gtgtgtgtgt
103741 gtgtgtgagt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtctagatag agagagagag
103801 agagagagag agaataaata aaaaaaaaaa agaaagagag agagagagtg tgtgcgtgtg
103861 tgtgtgtgtg tgtgtgtgtg tatatagaga tatacatata gacagagaga gagagtgtgt
103921 gtatatatat atatatatat atatatatat agannnnnnn nnnnnnnnnn nnnnnnnnnn
103981 nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn
104041 nnnnnnnnnn nnnagtaaca gtacaagtat gatgtgatgt agttagtaaa gtaagcagtc
104101 agacgacatc atattgtttg tttattctaa atatcttttt gagggggcac ttgattaagc
104161 agaatggaaa gaaacatggc ttacgattta tatagactag gataacgttt ttctctcacg
104221 cttgagccac agatctgaca gattatagca gctttaacac acatttcaaa gttgtgtgtc
104281 ataaaaacac tctgtaattc actcaaaatg ctattgatac ccattttcgg atcacaaatt
104341 accggttata aaagctgtaa acggaagttc taaacattct accggtagac gctggtcact
104401 atggctccct ccatgcagca gcctagaaaa aggtctataa ttgttaggag tgggggtgtg
104461 aacctacact ggtcttatgg tttggttcag ttaccattac catggcatca atcggtttaa
104521 ttcgatatct cggtgcatct cagtgcattg aagatgcttt ccatacataa ttagattttt
104581 tcttcacaac ataacaattt ttttattcaa atctatttat atatatatat ccagggatgc
104641 catctgggcc cgtagctttt cggatgttta cgcgacaatc aatagatcta gttactttca
104701 ctacagaaac agagagtgtg ctggcattta caatatcggc cgtgggagcg tgcagtgtgt
104761 cacgctgtcc tgggcttcaa agcaggcatg gaacgagttg agctcgtccg gcagagatgc
104821 aacaatgttt acagtggcgg gtttcttact tttaaagtct gtgatttgat taggtctttg
104881 ccacatgctc cttgcgttat tggtgttaaa ttgaccctct accttgtctc tgtattgacg
104941 ttttgatgct ttgacagttt ttccaaggct gtaatttgct cgtttttgtt cctcagcatt
105001 cctggattta taggtggaag ctcgcactga tcgggttgtt caaacttcac tattgatcca
105061 tggtttttgg ttggggtaga cacggacagt ttttgttggc accacgtcgt ctatacattt
105121 tctgatgaag cacgtaactg tgtctgagta cacttcgatg tcatcatcag aagctacctg

NCBI Sequence Databases

N
CBI

Zebrafish Nucleotide Sequences

Traditional GenBankRecords

N
CBI

Zebrafish Sequences: Bulk

Bulk GenBank RecordsEST

EST

EST

EST

EST

HTG

HTG

HTG
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Zebrafish Sequences: RefSeqs

NCBI Reference Transcripts

N
CBI

Molecular Databases
• Primary

– Data provided by experimentalist
– Record maintained by submitter
– GenBank

• Derivative
– Value added to primary data

• compilation
• curation
• assembly

– Record maintained by database staff
– NCBI Reference Sequences (RefSeq)
– Protein Data

N
CBI

GenBank: NCBI’sPrimary Sequence Database

• full release every two months
• incremental and cumulative updates daily
• available only through internet

ftp://ftp.ncbi.nih.gov/genbank/

Release 135 April 2003
24,027,936 Records

31,099,264,455 Nucleotides
120,000 + Species 

114 Gigabytes
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The Growth of GenBank

Release 135: 24.0 milllion records
31.1 billion nucleotides

Doubling time = 12 months

Nature 399:517  10 June 1999

“It’s sink or swim as a tidal wave of data approaches”

N
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Traditional GenBank Divisions

BCT Bacterial and Archeal
INV Invertebrate
MAM Mammalian (ex. ROD and PRI)
PHG Phage
PLN Plant and Fungal
PRI  Primate
ROD Rodent
SYN Synthetic (vectors, synth. genes)
VRL Viral
VRT Other Vertebrate

•Direct Submissions (Sequin and BankIt)
•Accurate
•Well characterized

N
CBI

Traditional GenBank Records
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Traditional GenBank Records

N
CBI

Traditional GenBank Records

gbdiv_vrt[Properties]
zebrafish: 3,816

N
CBI

Bulk GenBank Divisions

EST Expressed Sequence Tag 
STS Sequence Tagged Site
GSS Genome Survey Sequence
HTG High Throughput Genomic

•Batch Submission and htg (email and ftp)
•Inaccurate
•Poorly Characterized
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Bulk GenBank Records: ESTs

•first pass, single read cDNA
•largest GenBank division
•gbdiv_est[Properties]
•zebrafish ESTs: 309,433

N
CBI

Bulk GenBank Records: ESTs
N
CBI

A gene-oriented view of sequence entries

•MegaBlast based automated sequence clustering

•Nonredundant set of gene oriented clusters
•Each cluster a unique gene

•Information on tissue types and map locations
•Includes well-characterized genes and novel 

ESTs
•Useful for gene discovery and selection of 

mapping reagents

http://www.ncbi.nlm.nih.gov/UniGene/

What is UniGene?
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EST hits zebrafish rhodopsin mRNA

Rhodopsin mRNA

5’ EST hits

3’ EST hits

N
CBI

UniGene Collections: Animals
Sequences Clusters

Homo sapiens human 4,135,222 111,064
Mus musculus mouse 3,442,382 90,444
Rattus norvegicus rat 346,154 63,253
Bos taurus cow 130,603 10,675
Sus scrofa pig 62,004            14,390
Gallus gallus chicken 125,827              5,042
Danio rerio zebrafish 217,019 15,707
Oryzias latipes medaka 81,296              6,115
Xenopus laevis frog 177,814 19,045
Siluriana tropicalis frog                     110,976              7,674
Ciona intestinalis tunicate 464,060            13,328
Drosophila melanogaster fruit fly 276,922 14,701
Anopheles gambiae mosquito 91,352 3,243
Caenorhabditis elegans nematode 200,436            19,045

March  2003

N
CBI

UniGene Collections: Plants and Others

Sequences Clusters
Arabidopsis thaliana thalecress 221,113 26,813
Glycine max soybean 201,710            9,084
Medicago truncatula barrel medic 97,063            5,729
Lycopersicon esculentum tomato 70,118            3,749
Triticumaestivum wheat 297,961 20,376
Hordeumvulgare barley 263,407 10,272
Zea mays maize (corn) 163,541 13,512
Oryzia sativa rice 94,780 19,191
Sorghum bicolor sorghum 17,742 802
Chlamydamonas reinhardti alga 80,771           5,712
Dictyostelium discoideum slime mold 119,140 4,782

March  2003
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Genome Sequencing - HTG, GSS,(WGS)  

Draft Sequence (HTG division)

shredding

Whole BAC insert (or genome)

cloning isolating

assembly

sequencing

GSS division
or trace archive

N
CBI

Bulk GenBank Records: GSS

•first pass, single read gDNA
•surveys of BAC libraries
•gbdiv_gss[Properties]
•zebrafish GSS: 159, 024

N
CBI

40,000 to > 350,000 bp

phase 1

phase 2

phase 3 VRT

Acc = AC109580.1

Acc =AC109580.11

Acc = AC109580.14 

HTG

HTG

HTG Division: High Throughput Genome
Zebrafish PAC Clone

gbdiv_htg[Properties]
zebrafish: 2,958
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40,000 to > 350,000 bp

HTG Division: High Throughput Genome

N
CBI

Whole Genome Shotgun
N
CBI

Whole Genome Shotgun in GenBank
wgs_master[Properties]
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Whole Genome Shotgun in GenBank

N
CBI

Provisional -> Reviewed

NCBI RefSeq:Transcripts and Proteins

RefSeq Transcripts and Proteins
•Up to date
•Nonredundant
•Human reviewed
•Linked to genome annotation

N
CBI

NCBI RefSeq: Gene Models XM_, XP_
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RefSeq Contigs: NT_, NW_

N
CBI

Web Access

BLAST

VAST

Entrez

Text

Sequence

Structure

N
CBI

Some Web Statistics

Books

GeneMap

LocusLink

Taxonomy

Structure

UniGene

Protein

OMIM

BLAST

Genome

Genes and 
disease

Nucleotide

0 5000 10000 15000 20000

Users Per Weekday

BLAST alone:
currently 80,000 searches per day

July 2001

PubMed:
up to 4,000,000 searches per day
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Users per day

0

50000
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150000
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250000

1997      1998              1999             2000             2001

Christmas Day

N
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Integrated Access

N
CBI

Genomes

Taxonomy

Entrez: Database Integration

PubMed 
abstracts

Nucleotide 
sequences

Protein 
sequences

3-D 
Structure

3 -D 
Structure

Word weight

VAST

BLASTBLAST

Phylogeny
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The Big Picture

LocusLink

Nucleotide

Protein

OMIM

PubMed

SNP

MGC

UCSC

GDB

e!

HGMD

UniGene

Homologene

MapViewer

Structure

3D Domains

CDD

Books
PopSet

Genome

Taxonomy

ProbeSet

UniSTS

Entrez

N
CBI

The Big Picture

Genes

Nucleotide

Protein

OMIM

PubMed

SNP

Structure

3D Domains

CDD

Books
PopSet

Genome

Taxonomy

ProbeSet

UniSTS

Entrez

LocusLink and Microbial

N
CBI

WWW Entrez
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Database Searching with Entrez

uUsing limits and field restriction to find fish RNA helicases
uLinking and neighboring with RNA helicases

N
CBI

Entrez Nucleotides

RNA Helicase

N
CBI

Document Summaries:
RNA Helicase[All Fields]
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RNA Helicase

Entrez Nucleotides: Limits & Preview/Index

N
CBI

RNA Helicase

Entrez Nucleotides: LimitsAccession
All Fields
Author 
EC/RN Number
Feature key
Filter
Gene Name
Issue
Journal
Keyword
Modification Date
Organism
Page Number
Primary Accession
Properties
Protein Name
Publication Date
SeqID String
Sequence Length
Substance Name
Text Word
Title
Volume

Field Restriction

Exclude bulk sequences

N
CBI

RNA Helicase

Entrez Nucleotides: Limits

Title == Definition 

Exclude Bulk Sequences 

Molecule type 

Nuclear gene 
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Document Summaries: Limits

N
CBI

Ray Finned Fishes

Adding Terms: Preview/Index
Accession
All Fields
Author 
EC/RN Number
Feature key
Filter
Gene Name
Issue
Journal
Keyword
Modification 
Date
Organism
Page Number
Primary 
Accession
Properties
Protein Name
Publication 
Date
SeqID String
Sequence 
Length
Substance 
Name

Field 
Restriction

N
CBI

Fish RNA Helicases
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Fugu Genomic Region

N
CBI

Fugu Genomic Region
N
CBI

RNA Helicase, partial

Fugu Genomic Region: Genes

calcium channel, 
beta 3 subunit

adenylate cyclase 6 
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RNA Helicase, partial

Fugu Genomic Region: Genes

calcium channel, 
beta 3 subunit

adenylate cyclase 6 

N
CBI

Fugu Genomic Region: Links
N
CBI

Protein Coding Regions



20

N
CBI

Protein Coding Regions

N
CBI

Neighbors: Related Sequences
N
CBI

BLink: Advanced Protein Neighbors
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BLink: Structural Models

N
CBI

Methanococcus DEAD box
N
CBI

Methanococcus DEAD Box: Cn3D
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Helicase Conserved Domain

N
CBI

Structural Model for Domain
N
CBI

BLink: RefSeqs
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Alignment: Fugu vs. Human

N
CBI

Human RefSeq
N
CBI

PubMed Link
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Books

N
CBI

Online Books
N
CBI

NCBI Handbook
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Human Map Viewer

N
CBI

Mouse
N
CBI

Zebrafish BLAST

NP_004809 
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Zebrafish ESTs

N
CBI

LocusLink: Selected Higher Genomes
OMIM

RefSeq

GenBank dbSNP

UniGene

Full report

PubMed
HomoloGene

Map Viewer

Protein

N
CBI

Genes Database: All Genomes

Coming soon!
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Genes Database: All Genomes

N
CBI

Genes Database: All Genomes
N
CBI

Service Addresses

•General Help info@ncbi.nlm.nih.gov

•BLAST blast-help@ncbi.nlm.nih.gov


